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R468robustness to the system. While the
precise role that variability plays on
thermal robustness remains unknown,
the work of Oleksiuk et al. [2] does
elucidate various strategies that cells
use to cope with temperature
perturbations. We expect that the
examples provided by E. coli
chemotaxis will be valuable to further
our understanding of the structure
and dynamics of many other signaling
networks.
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Ways to Protect BiodiversityProtecting hotspots of marine species richness may not be an effective
strategy to conserve biodiversity because these sites do not coincide with
hotspots of functional and phylogenetic diversity.Isabelle M. Coˆte´
In his inaugural address at the Fisheries
Exhibition of London in 1883, T.H.
Huxley affirmed with confidence that
‘‘in relation to our present modes of
fishing, a number of themost important
sea fisheries. are inexhaustible’’.
Modes of fishing have changed
drastically since Huxley’s lecture.
Technology has improved to the point
where virtually every part of the
world’s oceans is now accessible to
fishing and many fish stocks have been
exhausted [1,2]. The effects of fishing
are felt not only on species that are
sought, but also on habitats and
non-target species that become
inadvertently caught in fishing gear.
These indirect effects have prompted
a revolution in the management of
marine resources: a focus on
ecosystems rather the traditional
consideration of single species orissues [3]. One essential tool of
ecosystem-based management is
the use of marine protected areas
(MPAs) — areas of the sea within which
some or all extractive activities,
especially fishing, are prohibited. Full
protection can successfully increase
the density, size and biomass of
organisms within MPA boundaries [4],
and the vast majority of MPAs do work
if given enough time [5]. As a result,
there has been a global resolve to place
at least 10% of coastal and marine
areas within MPAs by 2020 [6]. But
where should we establish these
MPAs? It would make sense, at least
initially, to target areas that are
particularly species-rich, as these
might be of ‘‘particular importance for
biodiversity and ecosystem services’’
[6]. A study by David Mouillot and
colleagues in this issue of Current
Biology [7] shows that the current
system of Mediterranean MPAs doescapture hotspots of fish species
diversity very well, but that this
approach fails to capture other
important aspects of biodiversity,
such as diversity of function and of
evolutionary history.
The Mediterranean as a Case Study
Mouillot et al. [7] focus on fish diversity
in the Mediterranean. This large, nearly
enclosed sea is remarkable in many
ways. It is a global hotspot of marine
species richness, reflecting the unique
combination of its sub-tropical
location, Atlantic heritage, periodic
isolation, and varied climate and
hydrology. An unusually high
proportion of Mediterranean marine
species — about one fifth — is
endemic. As a result of millennia of
human occupation, it has both the best
inventoried and some of the most
threatened marine fauna in the world
[8]. There are currently some 100 MPAs
in the Mediterranean, covering only
less than 0.5% of the total area of the
region. In the course of their study,
Mouillot et al. [7] discovered that the
location of these MPAs coincides well
with areas that have particularly high
numbers of fish species (total,
endemic, as well as threatened). Not
a bad performance for a collection of
MPAs that were established largely at
Figure 1. The right fish for the job.
Bumphead parrotfish (Bolbometopon muricatum) fulfil a unique bioerosion function on
Indo-Pacific reefs. (Photo: Jim Catlin/Marine Photobank.)
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R469the whim of individual nations rather
than with a coordinated regional
perspective! However, this may simply
be a stroke of good luck because
hotspots of Mediterranean fish
taxonomic diversity happen to occur
mainly along the wealthier, northern
coast. Furthermore, the glow of this
good report card fades when one
considers other aspects of biodiversity.
When a Fish Is Not a Fish
Biodiversity has traditionally been
defined in relation to different levels of
biological organisation. The species
level is themost intuitive and pragmatic
since one can relatively easily
enumerate and compare species
richness among areas. However,
reducing biodiversity to species
numbers implies that all species are
equal and interchangeable. Any
ecologist knows that this is not true.
Species identity matters because
different species, even closely related
ones, often carry out different functions
in their ecosystem. For example,
tropical coral reefs harbour many
parrotfish species, all of which are
characterised by large scales,
pectoral-propelled swimming, and
a hard beak-like mouth. However,
despite their morphological similarity,
parrotfish fall into clear functional
groups (e.g., browsers, grazers, and
bioeroders) on the basis of their diet
and the effect they have on the reef
framework [9]. In fact, across the
Indo-Pacific region, only one — the
giant bumphead parrotfish
(Bolbometopon muricatum;
Figure 1) — of the 35 parrotfish
species present accounts for almost
all bioerosion, a major process by
which calcium carbonate is removed
from the reef matrix, leading to impacts
on reef sedimentation, habitat creation
and biogeochemical cycles [10]. A fish
community without bumphead
parrotfish would therefore be unable to
fulfill this key ecological function, even
if it had a large complement of other
parrotfish species. Generally, high
functional diversity in marine systems
is associated with positive ecosystem
effects such as reduced prevalence
of disease [11] and increased
resilience [12].
When Mouillot et al. [7] took this
alternative, functional perspective on
fish biodiversity, Mediterranean MPAs
did not fare as well as they did with
simple taxonomic biodiversity. In fact,
the current system misses all thehotspots of fish functional diversity,
which were mapped for the first time
and appear to be concentrated off the
coasts of eastern Tunisia and Egypt,
where there are no MPAs. Fortunately,
these are areas where fishing pressure
is currently low, buying those
countries, and the region, some time to
enact protection.
Something Old, Something New.
Conserving biodiversity is also about
preserving the raw material that
generates it, that is, genetic variation. If
two species are not interchangeable for
functional reasons, two species that
carry out similar functions are also not
interchangeable if they have drastically
different evolutionary histories. This
is the case for ‘deeply rooted’
species — extreme examples include
tuataras, coelacanths, horseshoe
crabs, and nautilus— all of which sit on
their ownat theendof longphylogenetic
branches, having diverged from their
nearest relatives for millions of years.
Such species, sometimes called ‘living
fossils’, have inherent evolutionary
value because they carry more unique
genetic information than species in
more populated lineages [13]. There is
an increasing awareness that this
should be reflected in conservation
priorities [14] as the loss of unique
genetic variationcanerode thepotential
of species assemblages to cope with
environmental change. There may also
be concrete ecological benefits toprotecting phylogenetic diversity
because, at least in plants, it predicts
community biomass better than other,
more conventional metrics of
biodiversity [15].
So, are there phylogenetic hotspots
for Mediterranean fishes and are they
protected? The answer is: yes and no.
Areas of high phylogenetic diversity of
Mediterranean fishes are found off the
northern coast of Tunisia, eastern and
western Algeria, and Morroco,
locations where there are fewMPAs [7].
Incidentally, fishing pressure at these
phylogenetic hotspots is among the
highest in the region, which may
support the link with productivity seen
in plants [15].
Despite the fact that many clear and
widely accepted ecological guidelines
exist for MPA site selection [16], the
good match between hotspots of fish
taxonomic diversity and current
protection uncovered by Mouillot et al.
[7] suggests that number of species
remains a key criterion. If the spatial
mismatch among aspects of
biodiversity seen in Mediterranean
fishes is a general phenomenon— and
it may well be since it appears to be
the case for birds too [17] — a simple
taxonomic approach to protected site
selection is clearly inadequate. This is
troublesome for several reasons. First,
countingspecies is relatively easy,while
assessing functional and phylogenetic
diversity requires additional knowledge,
which we do not have for many groups.
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R470Second, ‘selling’ the importance of
functional and phylogenetic diversity to
the people on whose support MPA
creation and success depend might be
difficult, unless more research links
these aspects of biodiversity to
ecosystem services, which are readily
understood and valued by people.
Finally, it is becoming clear that the
preservation of the many facets of
biodiversity requires a scale of action
that transcends political boundaries.
Unfortunately, as we are seeing with
climate change, regional and global
interests still rarely trump national ones.References
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Life of Male FliesMale fruit flies demonstrate aggression and even courtship towards other male
flies. A new study reveals that these behaviors are induced via a bitter gustatory
receptor.Sweta Agrawal and Jeffrey A. Riffell
We have all experienced first-hand the
intimate connection between smell and
taste, whether it be drooling at the
smell of a goodmeal or enduring eating
with a stuffy nose. While the interaction
of these two senses is immediately
obvious in humans, little is known
about if and how these senses interact
in other animal species. A recent study
byWang et al. [1] strives to address this
problem in the context of pheromonal
control of male fly social behaviors.
In insects, smell and taste are both
important senses regulating social
behavior. Pheromones, chemical cues
used to communicate between
individuals of the same species, were
first identified in insectsmore than sixty
years ago [2]. Work on insectchemosensation has come a long way
since, from determining the cellular and
molecular mechanisms of the
pheromone binding to the receptor [3,4],
to how the information is processed in
brain todrivebehavior [5,6], tohowthose
behaviors control interactions in the field
[7]. Furthermore, similar mechanisms
occur across diverse insect taxa— from
Lepidoptera [8] to Hymenoptera [9] to
Diptera [10] — demonstrating the
general importance of chemosensory
systems in social interactions.
The fruit fly Drosophila melanogaster
is a particularly powerful model
organism for studying the role of
chemical communication between
conspecifics. Aside from the suite of
genetic tools available for these flies,
they also exhibit a rich repertoire of
robust social behaviors that aremodulated by both heavy cuticular
hydrocarbons (sensed via gustation
[11,12]) and an air-borne pheromone
cis-vaccenyl acetate (cVA; sensed via
olfaction [13,14]) (Figure 1). Flies
lacking all gustatory sensilla [15],
cuticular hydrocarbons [16], or specific
gustatory receptors [11] show elevated
levels of male–male courtship (wing
extension) or reduced male–male
aggression (manifested as lunges) [17].
Conversely, activation of olfactory
neurons expressing Or67d, the
receptor for cVA, leads to elevated
male–male aggression [13], suggesting
that cVA promotes aggression. cVA
also induces aggregation of males and
females [13], and males show
decreased courting over time of
females perfumed with cVA [14].
Wang et al. [1] sought to understand
the relative contribution of both smell
and taste in mediating fly male–male
interactions. Clearly, the detection of
pheromones is essential to maintaining
the proper balance between various
social behaviors and more specifically
to driving the correct behavior for the
appropriate context. Which specific
chemical cuesmediate thisbalance,and
